We repon a series of exact cosmological solutions of the gravitational (I + 1)-dimensional equations with a classical scalar field and an isompic perfen fluid source We consider a Robertson-Walker universe and obtain the scale factor and the field for several physically interesting potentials. In the case of a non-vanishing positive cosmological constant A, we have found asymptotically de Sitter solutions which resemble the (3 t I)-dimensional results. When A = 0 we have to lake restrictive conditions on the sign of the potential function in order Lo obtain exaclly solvable models which include exponential intlationw processes.
Introduction
In recent years there have been a number of investigations into the structure of relativistic gravitational theories in (1 + 1) spacetime dimensions [1] [2] [3] [4] [5] [6] , mainly because they reduce the complexity of (3+ 1)-dimensional general relativity and constitute useful testing grounds for ideas on quantum gravity. Amongst them, the so called 'R = T' theory [S-71 has attracted some interest because it has many classical aspects which are similar to (3 + 1) general relativity. These features include a Newtonian limit [5] , Robertson-Walker cosmological solutions, gravitational collapse and black holes [8J. A (1 + 1)-dimensional analogue of Hawking radiation exists for the black hole solutions, and quantum aspects of this process have been studied 19-111.
In this paper we confine our attention to classical cosmological properties of a (1 + 1)-dimensional universe based upon the gravitational field equations:
where R is the scalar curvature, A is the cosmological constant, and T is the trace of the energy-momentum tensor. We consider an isotropic perfect fluid source together with a self-interacting scalar field 6, and report a series of exact solutions for its evolution in a Robertson-Walker metric for various physically interesting potentials V(6).
In section 2 we implement the procedure introduced in [12] 
is the cosmic scale factor; filled with a minimally coupled scalar field 4 with a self-interacting potential V(4) which obeys the Klein-Gordon equation where CI and C, are arbitrary integration constants. Then the problem has reduced to quadratures:
where At = t -t o and A@ = @ -(JO, with to and & arbitrary integration constants.
Expressions (2.12), (2.13) show two important differences with respect to their fourdimensional counterparts. The first one is the appearance of two different independent constants CI and C2, whilst in (3 + 1) dimensions we have the constraint CI = C2. This feature is a consequence of (1.1) being a second-order differential equation and may be associated with the lack of angular information in two spacetime dimensions. The second one is the sign of the terms proportional to JFja da and po. These differences change the functional dependence of the scale factor a(t) and the potential V ( 4 ) . In fact, from the system of equations (2.7), (2.8) we can derive the first integral (2.14)
with C = 2C2 + Cl for the potential (2.9), which shows that when A = 0 the usual assumptions of both positive matter density po and potential V(@) cannot lead to monotonically expanding universe models as in the four-dimensional case. These resnictions carry non-trivial consequences on the mechanisms under which a (1 + 1) universe can exponentially inflate in the case of a constant potential V ( @ ) [16] . However, as we shall show in the next section, the consideration of a non-vanishing cosmological constant allows for asymptotically de Sitter solutions for positive V ( $ ) and po.
Exact solutions
In this section we shall study several interesting solvable examples in which we obtain the evolution a(?), the potential V ( 4 ) and the field @ ( t ) in closed form.
3.1.
Let us consider the potential L P Chimento and A E Cossarini F = Ban (3.1)
with B and n constants. Inserting (3.1) in (2.13) and taking B > 0,O < n < 2, CI = Cz = po = 0. A > 0, the potential (2.9) results:
Using (2.12), (3.1) we also obtain the evolution
and the time dependence of the scalar field @ which has been considered by many authors in the context of 'power law' inflationary models in four dimensions [17] . However, in our two-dimensional case the evolution a @ ) is determined by with zF, the hypergeometric function. This solution, being of the same type as the one obtained in [I61 for an isotropic matter-and radiation-filled universe, shows a relationship between that model and the one of a homogeneous universe filled with a pure self-interacting scalar @ and potential (3.5).
In the E < 0 case, from (2.12), (2.13) with C, = C2 = po = 0 we find the same potential (3.5). However, the evolution and the scalar field are given by
Expression (3.7) corresponds to a universe which expands so quickly that the scalar curvature R + CO in the limit a -+ CO, and reaches a = cc) in a finite amount of proper time.
Conversely, in the four-dimensional case, the potential (3.5) leads to a 'power law' solution for a(t) [12]. The case n = 2 B > 0 in (3.1) corresponds to a constant positive potential V = B .
Using (LIZ), (2.13) and taking CI z 0, B c A/2, we find three different types of general solution depending upon the sign of CZ.
When CZ z 0 we obtain
The solutions ( 3 . 9~) have a singularity and correspond to a universe that begins to evolve as Af, and expands with a final de Sitter scenario. These solutions do not have particle horizons, as can be seen from the divergence of the integral
When CZ c 0. we find the bouncing solution
When Cz = 0 we obtain the de Sitter solution . This is an explicit example of the restrictions imposed by the relation (2.14) upon the sign of V(4) in the A = 0 case we pointed out in the last section.
3.2.
Let us analyse a generalization of (3.1) given by Contrary to the results obtained in the four-dimensional case, (V($) = -B cosh2"[(&A$1). we obtained a negative periodic potential which has the minimum value Vdn = 2B < 0. This is another consequence of the change in sign we pointed out in the last section. From (2.12) the evolution a(t) is determined by
which cannot be performed for arbitrary s. However, its leading behaviour for large a(t) yields an asymptotic time dependence
which is similar to the four-dimensional case. We can evaluate (3.20) for some particular values of s: which corresponds to an asymptotically static universe that undergoes a period of smooth expansion from a singularity without particle horizons.
Conclusions
We have implemented a procedure [I21 for obtaining exact solutions of the field equations for an homogeneous (I + 1)-dimensional universe filled with a self-interacting scalar field and an isotropic perfect fluid source. A first integral of this system of differential equations has shown a departure from the four-dimensional C~S E which prevents inflationary processes from occurring under the usual assumptions of positive matter density po and potential V($) in the A = 0 case. Explicit examples of these features have been given in the case of the potential (3.19) and for constant V(&) = B , where we have to take B -= 0 in order to asymptotically achieve de Sitter solutions for a@), in accordance with four-dimensional results.
Conversely, when A # 0 several expanding solutions have been obtained without imposing such unconventional conditions. Amongst them we can distinguish the bouncing solutions (3.3), (3.10a), (3.13). (3.16), the de Sitter expansion from a singularity without particle horizons given in (3.9~~) and the exponential de Sitter one (3.1 la).
The above results seem to agree with the necessity of adopting unconventional assumptions in order to realise an inflationary scenario in an homogeneous (I + 
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